This study empirically examines the spillover effect from US monetary policy to nineteen European economies using Markov-switching 
* We are grateful for valuable feedback and comments provided by Rómulo Chumacero (the editor) and two anonymous referees and believe that our paper benefited greatly from their comments and suggestions. * 
Introduction
Over the past two decades, globalization has been perceived as a dominant factor which has deepened trade relationships and financial integration. This illustrates that the linkages associated with one market eventually either positively or negatively influence other markets. As a consequence, the spillover effect from shocks in other countries has increased importance from the point of view of the academician and policymakers in relation to how those shocks in other regions are likely to affect the local region. Bekaert, Hoerova, and Duca (2013) argued that international financial growth and conditions are determined by a global financial cycle, which, in turn, seems to be affected, to a great extent, by monetary policy in the US.
Local stock markets play an important role in financial integration and they are notoriously sensitive to changes in the monetary policy. However, their sensitivity may vary from market to market and across different time periods. Researchers have provided different arguments regarding the impact of monetary policy on the stock markets (see, inter alia, Conover, Jensen, Johnson, & Mercer, 1999; Bjornland & Leitemo, 2009; Chatziantoniou, Duffy, & Filis, 2013) . Some researchers argued that an increase in the money supply results in increases in stock prices which eventually encourages activity in the stock market (Bjornland & Leitemo, 2009 ). According to Chatziantoniou et al. (2013) , the effect of monetary policy on the stock market returns flows through five potential channels, which are interest rates, credit, the wealth effect, the exchange rate, and the monetary effect. Other researchers claimed that an expansionary monetary policy increases the asset prices, which reduces their expected returns and thus, decreases stock market activities (Laopodis, 2013; Ivrendi & Guloglu, 2012) . This happens as a result of an increase in stock prices that are considered as a possible omen of expected inflation which would cause the ensuing counteraction of the Federal Reserve.
Around the globe, stock markets have matured and integrated further over the past few decades. The Efficient Market Hypothesis posits that stock markets are more sensitive to changes in economies across the globe due to these increases in integration (Fama & French, 1989) . Markets are more sensitive to changes in the U.S. monetary policy which may influence the stock markets of both the developed and developing economies. However, the impact of U.S. monetary policy towards developing markets is more prominent relative to the impact on developed markets (Yang and Hamori, 2014) . Rigobon and Sack (2003) determined that movements in the stock market can have a significant influence on the macro-economy and thus considered it an important parameter to use to determine monetary policy. They employed identification techniques based on the heteroscedasticity of stock market returns to examine the reaction of monetary policy to changes in the performance of the stock market and found a significant policy response, which indicated that a 5% rise (fall) in the S&P 500 index increases the likelihood of a 25-basis point tightening (easing) by about a half (Rigobon & Sack, 2003) . Yang and Hamori (2014) analyzed the spillover effect of US monetary policy on the Indonesian, Singaporean, and Thai Stock Markets during the period that lasted from 1990 to 2012. They employed univariate and multivariate Markovswitching models and reported that US interest rates inversely influenced these markets during the boom period, however, this influence vanishes during the recession period. In addition, they determined that the spillover effect from US monetary policy affects these stock markets only during the tranquil period (Yang et al., 2003) . They also explored the transmission mechanism of asset prices; especially, from the US to small economies (Yang et al., 2014) . In short, they found that stock markets are influenced more by the treasury bill rate in a bull market relative to bear market as the duration of a bull market is higher than a bear market.
Many studies have been conducted to examine the relationship between monetary policy and stock prices in different regions across different time periods using various econometric techniques. In literature, most of the studies investigated the relationship between stock prices and the U.S. monetary policy in developing and emerging Asian Economies and a few European developed markets. Like Asian Economies, European countries may have been influenced by changes in U.S. monetary policy. In this context, it is important to examine how European countries respond to changes in U.S. monetary policy as they experience bull and bear stock market regimes. This also suggests that an increase/decrease in U.S. interest rates may provide an opportunity for firms to explore their business avenues by investing in the U.S. or other European markets.
The aim of this study is to analyze the relationship between U.S. monetary policy and the selected developed and developing European Countries. We use the Markov-switching models to examine the impact of monetary policy on the stock market prices during the period lasting from January 1994 to December 2017. Furthermore, we examine the regime switching process of the federal funds rate, the S&P 500, and nineteen European stock markets and find the existence of two different regimes using univariate Markov-switching models. While employing multivariate Markov-switching models, this study finds mixed results. The results report a positive relationship between the US interest rate and the selected developed countries with the exception of the Finish, Swiss, Swedish, and UK stock markets. This relationship is also positive in developing markets except for the Slovenia and Ukraine stock markets during the economic expansion phase. The role of the previous stock market returns is relatively small in regards to determining the future movement of stock markets in European Countries. In this study, we also compare the effect of US interest rates on the Asian and European Stock Markets and conclude that the effect of US Monetary Policy varies from market to market, however, this effect towards developed markets is greater.
The remainder of the study is structured as follows. Section 2 explains the prior literature on monetary policy and stock prices, Section 3 constructs the specification of Markov-switching models, Section 4 describes the data of the study, Section 5 presents estimation results, and Section 6 concludes the paper.
Monetary policy and stock prices
Economic theory describes the various ways in which there is an interrelation between monetary policy and asset prices, especially through stock prices. We understand that stock prices are valued on the basis of forward-looking opinions and that a change in the policy rate, which is an important component of monetary policy, may influence stock prices. An announcement of an increase or decrease in the policy rate may positively or negatively affect the stock prices directly and the determination of dividend and stock return premium indirectly. In general, asset prices may affect consumption through a wealth channel and the firms' ability to borrow funds, that is, a credit channel. There are various perspectives of how the policy rate should be increased or decreased, the monetary policymakers attempt to affect aggregate demand to attempt to control inflation or increase opportunities for investment in the country. This course of action, as a result, influences the stock prices. The change in U.S. monetary policy not only affects the assets prices in the US but this change will affect the stock prices in countries all over the world. However, the magnitude of influence on the stock prices varies which depends on the size of businesses in the respective country engaged in transactions that are affected the U.S. market. To understand more about the relationship between monetary policy and stock prices, the ensuing paragraphs present some empirical evidence.
To examine the dynamic association between the stability of monetary policy and the volatility of stock prices in four Asian countries (Malaysia, Singapore, South Korea, and Thailand), Ivrendi and Guloglu (2012) employed a Markovregime switching autoregressive conditional heteroscedasticity technique. They identified the existence of an asymmetric relationship between monetary policy and stock prices with all of the aforementioned countries except for Thailand (Ivrendi et al., 2012) . Hussain (2010) estimated the return and volatility of European countries including France, Germany, Switzerland, and the United Kingdom and the U.S. equity indices as a result of monetary policy decisions and macroeconomic news announcements, which included intraday data during the period lasting from 2000 to 2008. He found that monetary policy actions instantly and significantly affected the stock prices and volatilities in both the US and European Markets (Hussain, 2010) . In another study, Fakra (2009) used intraday data during the 1994 to 2005 period to analyze the impact of U.S. Monetary Policy on the level and conditional volatility of S&P 500 Index. She employed the GARCH technique and identified that a 1% increase in the policy rate caused a decline in stock returns of roughly 5.6% (Fakra, 2009) . In short, her findings illustrate that volatility depends on the nature and timing of monetary policy shocks (Fakra, 2009) . Bjornland and Leitemo (2009) examined the interdependence between US Monetary Policy and the S&P 500 Index by employing a structural vector autoregressive technique. They explored the evidence of interdependence between the interest rate policy and real stock prices (Bjornland et al., 2009) . Bjornland et al. (2009) found that there was an instant decrease in real stock prices by 7% to 9% due to an increase in federal funds rate by 100 basis points. However, a stock price shock inflating real stock prices by 1% led to an increase in the interest rate of roughly 4 basis points (Bjornland et al., 2009) . Chu (2015) investigated the dependence structure between monetary policy and stock market liquidity in China using the dynamic copula approach during the period lasting from 2006 to 2012. His findings suggested that less liquid stock markets are influenced by contractionary monetary policy and that highly liquid stock markets are influenced by expansionary monetary policy (Chu, 2015) . He also found that there was an asymmetric effect of monetary shocks on stock market liquidity (Chu, 2015) . In addition, the strength of lower-tail dependence between monetary liquidity and stock liquidity increases significantly for the post-crisis period (Chu, 2015) . Fischbacher, Hens, and Zeisberger (2013) examined the effect of monetary policy on stock market bubbles and trading behavior in experimental asset markets and registered a strong impact of interest rate policy on liquidity in the stock market; however, it only had a small influence on bubbles. Kurov (2010) estimated the effect of monetary policy on investors' sentiment associated with the S&P 500 Index during the period lasting from 1990 to 2004. He reported that monetary policy decisions have a significant effect on investor sentiment and that the actions associated with monetary policy in the bear market phase have a strong influence on stock prices that are more sensitive to changes in investor sentiment and credit markets conditions (Kurov, 2010) . To examine the determinants of global spillovers from US Monetary Policy shocks, Georgiadis (2015) used a vector autoregressive model and found considerable spillover effects to the entire world markets. He reported that changes in the US Monetary Policy have a larger effect, which illustrates that changes to US interest rates have a greater effect on many economies than changes in their domestic rates (Georgiadis, 2015) .
Measuring Markov-switching models
The Markov-switching model of Hamilton (1989) , also recognized as the regime switching model, is one of the most prevalent time series models in the literature. This model encompasses many structures that can illustrate time series actions in various regimes. Allowing the model to switch between these structures improves this techniques capacity to detect more composite dynamic forms. An innovative characteristic of this model is that the switching mechanism is organized by an unobservable state variable that follows a first-order Markov chain. The primary Markov switching model emphasizes the mean behavior of variables. This technique has been widely employed to examine economic and financial time series (Hamilton, 1989; Diebold, Lee, & Weinbach, 1994; Kim, 2004) , among many others.
This study employs the multivariate Markov-Switching Intercept Autoregressive Heteroscedasticity (MSIAH) model (Ang & Timmermann, 2012) 
We further presume that the residuals adhere to a normal distribution for all regimes:
where ε t = (ε 1t, ε 2t, ε 3t ) and Σ S t is a 3 x 3 variance-covariance matrix conditional on S t : 
In summary, the conditional distribution of y t constructed on state S t and earlier information can be presented as
where N = 3 is the number of parameters in the system with the estimated joint distribution.
Including the unobservable state variable S t generates (6) f y t y t−1
where M denotes the number of possible regimes. The log-likelihood function can be formulated as
where T is the number of observations in the dataset. The maximum likelihood technique is employed to evaluate the variables µ S t , β S t and Σ S t for S t = 1, …, M, and the transition probability P.
Mainly, Eq. (1) is condensed to a simple VAR model when there is no regime (M = 1). With regard to univariate analysis, we further use the Markov-Switching Intercept Heteroscedasticity (MSIH) technique, where β S t = 0 for S t = 1, …, M, to ascertain whether a more parsimonious model can postulate an ample narrative of each parameter.
We also employ the Schwarz Bayesian Criterion (SBC) to determine the bestfitting Markov-switching models for which the lowest SBC value is selected.
In addition, we use the linearity test of Davis (1977 Davis ( , 1987 to determine the appropriateness of the state-dependent model. In addition, the regime classification measure (RCM) is used to assess the aptness of the state-dependent model (Ang & Bekaert, 2002) . This aspect is expressed as:
where the constant term 400 confirms that the statistics range from 0 to 100, and Pr S t = j Θ T ⎡ ⎣ ⎤ ⎦ represents to the smoothed regime probabilities conditioned on the full information set Θ T . A value of 0 infers a perfectly discrete tworegime model, whereas a value of 100 entails an absolutely integrated two-regime model. Hence, a value of 50 commonly serves as a benchmark. A value below 50 reveals that the two-regime model executes well whereas a value above 50 shows that the single-regime model works well.
Data Description
To examine the effects of the changes in US monetary policy on the European stock markets, we used the return on equity indices and 3-month Treasury bill rate as one classification. The US 3-month Treasury bill rate represents the Federal Fund Rate (FED), return on equity bases on the Standard & Poor's 500 (S&P 500) to estimate the inflation overflow from excess liquidity, and the return on equity bases on the Morgan Stanley Capital International (MSCI) stock price index for the European countries. To investigate how stock market prices behave as a result of changes in the US Monetary Policy, we segregated the European countries into developed and developing economies. As a substitute for the exact Fed Funds Rate, we used the US 3-month Treasury bill rate to gain exposure to the market's anticipation of future rates and the movement of the interest rate. We chose ten developed countries including Austria, Belgium, Denmark, France, Finland, Germany, Norway, Switzerland, Sweden, and the UK and nine developing countries including Bulgaria, Croatia, Czech, Hungary, Poland, Portugal, Serbia, Slovenia and Ukraine to examine the effect of US monetary policy on these markets. The selection of these countries is solely based on the availability of data. We consider monthly data during the period lasting from January 1994 to December 2017 which is obtained from the DataStream 1 .
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The sample period ranges between January 1994 to December 2017 for all the developed countries. However, our dataset varies for the selected developing countries due to late registration on MSCI index. Our sample includes: Czech and Hungary (January 1995 to Table 1 presents the descriptive statistics for the monthly returns (y t ) and the results show that on average, the federal funds rate yields negative returns (-0.35%) with a standard deviation of 30.07%. This illustrates that the federal funds rate had various up and downward movements over the sample period. Since October 2008, the federal funds rate has been less than 1% and by the end of June 2016, it remained around this level, which showed that the federal funds rate obtained negative returns. Referring to the S&P 500 Index, on average the US market return is positive with a small deviation of returns of 4.26%. In the European stock markets, the average returns are positive which indicate the existence of a long-term bull market. The results illustrate that the average stock returns in the developed countries (0.44%) is higher than the developing countries (0.14%). The deviation of returns in developed countries (4.74%) are lower than developing countries (6.49%) which illustrates that there is higher volatility of stock returns in developing countries. On average, Bulgarian, Serbian, and Ukrainian stock indices obtained negative returns. The highest returns were generated by the Hungarian Stock Market (1.04%) whereas the highest volatility of returns were registered by Ukrainian Stock Market (11.29%). The negative skewness of stock returns in all the cases show negative returns in most of the instances. The results of the Jarque-Bera (JB) test suggest that the null hypothesis of a normal distribution is rejected in all the cases. Appendix 1 provides a correlation matrix for the monthly returns (y t ). The results illustrate a positive correlation between the US Stock Market and the Federal Funds Rate, between the US Stock Market and the European Stock Market, and between the Federal Funds Rate and the European Stock Market. These results corroborate with the general economic theory suggesting that when the Federal Reserve decreases its interest rate, outside financial markets consider it as a favorable news. Hence, the positive association between the US and selected European stock markets suggest that excess liquidity from the US has a positive effect on these European stock markets. On a single instance, we find the evidence of a negative correlation between the Federal Funds Rate and the Polish stock market. Figure 1 plots the monthly raw data of the stock price indices of selected developed countries during the period lasting from 1994 to 2017. All of the MSCI indices showed the same trend except the Swedish and Finish markets. Figure 2 exhibits the trend of stock price indices of selected developing countries. Among these countries, the Polish and Hungarian stock markets outperformed and were followed by the Croatian Stock Market. The other stock markets were Comparing the shocks, the financial crisis occurred during 1997/98 may have had less of an effect on these stock markets.
To assess the unit roots, we apply the Augmented Dickey-Fuller (ADF) test without an intercept. The data of all the stock prices are in return form (i.e. stock indices return = ln(P t+1 ) -ln(P t ). Appendix 2 presents the results of the ADF unit root test. In all the cases, we reject the null hypothesis of a unit root which illustrates that the data is stationary for the stock indices and federal fund rate. To further strengthen our analysis, we emphasize the use of the Johansen cointegration test for examining the relationship between the federal funds rate and the respective stock index to examine whether they are cointegrated or not. Appendix 3 exhibits the results of cointegration test which illustrates that trace statistics in all the cases are more than the critical value (i.e. 3.76) and indicate that no cointegration vector exists between the series. This finding implies that there is no need to apply a vector error correction model (VECM) as cointegration is non-existent.
Empirical Results

Regime for the marginal distributions
First, we examine whether there is any sign of regime-switching behaviors for US monetary policy and the European stock markets. To achieve this, we segregate every series by fixing a range of two-, three-, and four-regime MSIH (Yang & Hamori, 2014; Bhar & Hamori, 2004) . Table 2 presents the performances of the univariate Markov-switching models for the developed and developing countries. The SBC values suggest the fitness of our variables segregated on the basis of the different univariate models. The results unanimously infer that the two-state model is superior to the three-and four-state models selected as these models have the lowest SBC value for every series. Our findings with regard to the two-state model are the same and in line with earlier studies 2 (e.g. Qiaoa, Li, & Wong, 2011; Pagan & Sossounov, 2003) . The results of developed and developing countries predict that the MSIAH model is more parsimonious, economical, and appropriate except for Norwegian, Portuguese, Slovenian and Ukrainian markets. The RCM statistics for all scenarios are less than 50, which illustrates the steadiness of the model along with the presence of two regimes. In addition, the Davies statistics are also significant at the 0.01 level for all cases, which elaborates that state dependency subsists in our analysis (Yang & Hamori, 2014) . Information criteria are valuable tools for model selection (Burnham and Anderson, 2002) . van Erven, Grunwald and Rooij (2012) reported that at a higher level of information criterion can be categorized into two parts: (a) cross-validation based on the scores which assess the quality of out-of-sample predictions by segregating available information, and (b) Akaike's information criterion (AIC) which provides an estimate of an out-of-sample generalization error that is justified through asymptotic distribution theory for large samples (Akaike, 1974) whereas the Bayesian information criterion (BIC) of Schwarz (1978) portrays impetus from Bayesian inference. Initially, AIC was developed by Akaike (1973) to contrast various models on a given outcome. For instance, if researchers are interested, as in this study, in which state Markov-switching model is parsimonious and appropriate, thus, the model is selected considering the lowest AIC values. Akaike (1973) showed that this selection of "best" model is determined by an AIC score and estimated as: AIC = 2K -2Log(x(θ |y)), where K is the number of estimable parameter and Logx(θ |y) is the log-likelihood at its maximum point of the model estimated. The constant 2 remains for historical reasons (Burnham and Anderson, 2002) . Previous studies (e.g. Kalimipalli and Susmel, 2004; Sola, Spagnolo and Spagnolo, 2002) used both criteria to compare and obtain the parsimonious model on the basis of their lowest values. Following the study of Yang and Hamori (2014) , we select the lowest SBC values on the basis of best-fitting Markov-switching model. To compare our results with other information criterion, we employ AIC using 2-State Markov-switching model. The results of the same are reported at Appendix 4 which suggest that 2-State MSIAH model is more parsimonious for all the countries. Interestingly, the results of Slovenian MSCI index is the same for both MSIH and MSIAH. When we compare the results, there is a slight difference in findings of both the techniques, however, the results of SBC predict that 2-State MSIH model is suitable for the Norwegian, Portuguese, Slovenian, and Ukrainian MSCI. The findings related to other sample countries are the same. In summary, overall results infer that MSIAH model is considered more authentic and appropriate. Table 3 reports the findings of the two-state MSIAH model for the federal funds rate, US Stock Market, entire sample, developed, and developing stock markets. In all the cases, regime 1 refers to the boom phase and regime 2 shows the recessionary phase of the economy. When we analyze the results, the mean yield is higher with lower volatility in regime 1 as compared to regime 2 which illustrates that bonds offer higher returns when compared against the low-risk 11(22) denotes to the transition probability in regime 1(2), and the expected duration in regime 1(2) is estimated as 1/(1 -p 11 (22) ). * and *** show significance at the 0.01 and 0.10 level respectively.
assets. These results are in contrast with the study of Yang & Hamori (2014) where they reported that in the case of the boom period, the mean yield is higher with higher volatility with regard to FED rate and S&P 500. However, the other findings of this study are in line with Yang & Hamori (2014) , in their examination of ASEAN stock markets, which suggests that in a boom period mean yield is higher with lower volatility. We may also infer from the results that in a boom phase, the mean yield is higher due to an increase in business activities, however, the variability of the change in asset prices would be lower. While examining the significance of boom and recession periods, the results provide evidence of the existence of both regimes in the selected developed stock markets. However, this evidence is true in case of a boom period for both developing countries and entire sample countries. Appendix 5 reports the findings of the two-state MSIAH model for the selected developed (Panel A) and developing stock markets (Panel B). On the basis of the results explored in Table 2 , we employ the MSIH model for Norwegian, Portuguese, Slovenian, and Ukraine stock markets. Panel A presents the parameter estimates for univariate two-state Markov switching model for developed countries. We find that the mean yield is higher with a lower volatility in regime 1 than that in regime 2 for the Belgian, French, German, Swedish, and UK stock markets. This suggests that high-risk assets provide higher returns when compared against low-risk assets but their volatility is lower. Here, regime 2 refers to the recessionary phase of the economy where the low-risk assets (e.g. bonds) offer lower returns but their volatility is high; however, these findings do not carry over to the Austrian, Danish, Finnish, Norwegian, and Swiss stock markets. This is because all of these stock markets have negative returns in regime 1 and positive returns in regime 2. In addition, the volatility of these stock markets are lower in regime 2 which illustrates that the economies are undergoing stable growth. The findings of the univariate model considering developing countries are exhibited at Panel B-Appendix 5. For instance, the Czech Stock Market provides higher returns in regime 2 relative to Polish markets in which higher returns are obtained in regime 1. These inflated returns are, thus, obtained during the boom period. The results of Portuguese, Slovenian, and Ukraine stock markets are evaluated using a two-state MSIH model. We find that the mean returns are higher with lower volatility in regime 1 when compared to regime 2 for the Hungarian Stock Market. Economically, these states are translated as regime 2 which reflects that during the recessionary phase the low-risk assets provide higher returns than high-risk assets. The lower volatility in regime 1 posits that the economy is getting consistent growth. The Slovenian Stock Market obtains negative and insignificant returns with higher volatility in regime 2. In most instances, our findings are consistent with the earlier study conducted by Yang and Hamori (2014) wherein they examined the spillover impact of US Monetary Policy to ASEAN stock markets including Indonesia, Singapore, and Thailand. The results of all three countries reported higher mean returns with lower volatility in regime 2. The results infer that Asian stock markets considered in the above study may have the same characteristics and behaviors in their pattern of returns.
The estimated transition probabilities and their corresponding expected duration are reported in Table 3 . On the basis of the findings, it also reflects that the duration of a bull market is much longer than bear market periods for all the sample countries except for the UK and Polish stock indices. This shows that the stock market in the US explores excess liquidity which acts as a crucial factor in driving the increase in asset prices. The interpretation of this finding is that the state-dependent models appropriately measure our specified model, which indicate that the growth rate of the money supply is inconsistent. Mainly, the high growth rate of the money supply always carries surplus liquidity, which simply forces the asset prices to increase. Our empirical results reveal that the mean yield in regime 2 for the US Stock Market is lower than regime 1. As regime 2 shows the catastrophe period for the US economy, the typical role of the Federal Reserve becomes more important, that is, to constantly provide liquidity for the acceleration of the economy. It is a general phenomenon that the injection of capital constantly follows a higher return and will flow to other markets as the domestic market will offer a lower return if the economy is not growing. The higher duration of the bull market when compared against the bear market indicates that there is a surge of capital flows in the boom period from both the developed and developing economies; however, any adverse effect will force the investors to explore overseas business avenues to earn higher returns as domestic markets are not feasible. The findings of this study are in line with earlier studies (Yang & Hamori, 2014) .
To explain the market movements, Figure 3 exhibits the transition probabilities for both regimes. During the time horizon of the study, crisis periods include: (a) Asian currency crisis in 1999 and (b) the international financial crisis in 2008. Moreover, the diagrams illustrate a larger impact of these crises on the European countries. If we compare these figures with Yang & Hamori (2014) , the effect of these crises on the ASEAN countries were smaller. This illustrates that the size of the economy matters as an association of higher business activities with the US may have a higher probability of influencing business activities in these countries, which could lead to crisis. Appendix 6 plots the transition probability of all the sample countries. In the case of the US Stock Market, the effect of the international financial crisis is also higher as regime 2 indicates a bear market resulting in a reduction of business activities due to a reduction in the money supply.
Considering the above results, we identify a number of factors that can be considered in the light of the market movements and business cycles: (a) exploration of two-states for each variable, which would classify the behavior of stock market into either bear or bull market, (b) identification of the duration of specific regimes, (c) the volatility is lower in the economic expansion regime, which is also prevalent in the case of all selected developed and developing countries, (d) the effect of the international financial crisis on the US Stock Market is greater than the Asian Crisis, and (e) the US monetary policy also has generated prolonged cycles, after the crisis that occurred in 2008. This illustrates that the spillover effect from the excess liquidity is considered an issue of interest. It all depends upon the influence of US Monetary Policy on the respective stock market. Some economies may be influenced more by changes in the US Federal Funds Rate; however, all the countries in all sample are affected by changes in the interest rate.
Regime for the joint distributions
Now we examine the impact of the Federal Funds Rate and excess liquidity on the selected European stock markets by incorporating the US factors into the Markov-switching model. Following the same technique, we chose the best fitting MSIAH model selected on the basis of their SBC values and assess its appropriateness using the Davis and RCM test statistics. Table 4 reports the results of a multivariate Markov-switching model illustrating that all the statistics show the two-state MSIAH model is the best fitting model in all of the scenarios. Considering the earlier studies (e.g. Yang & Hamori, 2014; Pagan & Sossounov, 2003) , we understand that the two-state model specifies adequate analysis for our model. Table 5 demonstrates the estimation results of the entire sample, developed and developing countries using multivariate Markov-switching model. In all of the empirical findings, the results report higher mean returns with lower volatility in regime 1 when compared to regime 2. Here, we are classifying regime 1 as a bull market. Like the univariate analysis, positive mean returns refer to bull markets and negative mean returns represent the bear markets. We also illustrate that mean returns for developed countries in both of the regimes is higher but their volatility is less than the results provided by the developing countries. This indicates that investment in the developing markets is much riskier when compared to developed markets. To examine the effect of monetary policy, we consider the Federal Funds Rate (β 1(2) , FED) which has a positive and insignificant effect on the countries in our analysis during the economic expansion periods. This suggests that a relative increase in the short-term US interest rate positively influences the sample of European market's stock returns in the following month. This also elaborates that increases in the short-term US interest rate motivates investors to explore their business ventures in the European Markets to obtain higher returns. The other findings of this study show a positive and statistically significant relationship between the US Stock Market (β 1(2) , US) in both regimes. It is important to consider that in a boom period; the US Stock Market may offer higher returns, due to the higher growth opportunities, so investors are interested to explore their business ventures in the US stock markets. The results imply that a positive movement of US Economy may cause selected sample countries stock markets to grow. The potential to obtain higher returns in developed markets are higher than developing markets. Thus, US investors may explore investment opportunities more in developed stock markets as compared to the developing markets. We find that the lagged stock returns (β 1(2) , stock) from the domestic Notes: Federal Fund Rate, S&P 500 and MSCI stock index for each country. p 11(22) denotes to the transition probability in regime 1(2), and the expected duration in regime 1(2) is measured as 1/(1 -p 11 (22) ). * , ** and *** show significance at the 0.10, 0.05 and 0.01 levels respectively. market are significant and well warranted in regime 1 except in developed markets. However, lagged stock returns are insignificant in regime 2 in all the cases. In nutshell, we may infer that the spillover effect from US Monetary Policy plays a pivotal role in determining the asset prices in the European stock markets. However, the effect of US monetary policy varies between developed and developing markets. Appendix 7 reports the parameter estimates of the multivariate Markovswitching models for developed and developing countries (Panel A and B) . The results of the selected developed markets (Panel A) exhibit that the mean returns are positive in a bull market (regime 1) except for the Finish, Swiss, and Swedish stock markets. In all scenarios, the mean returns obtained in both regimes are significant at the 1% level. Analyzing the volatility of the stock markets, we report that higher mean yield leads to lower volatility in all cases with the exception of the French stock market. These significant findings illustrate that stiff competition exists in a period of a bull market where prices grow very closely and may lead to the countries experiencing less volatility in their returns. The Federal Funds Rate (β 1(2) , FED) which had a positive and insignificant effect in our analysis during the economic expansion periods with the exception of the Danish, French, Swiss, Swedish, and UK Stock Markets. In a few cases, the negative relationship shows that the decrease in the short-term US interest rates is positively influencing the developed markets stock returns in the forthcoming month. This effect, however, eventually disappears in an economic recession as the Federal Reserve may close down the transmission channels during these periods. In addition, it seems difficult for the excess liquidity in the US to flow into the developed European economies.
We find a positive relationship between the US Stock Market (β 1(2) , US) and the Austrian, Belgian, Danish, German, Norwegian, and UK market in both regimes. This finding illustrates that the movement of the US economy may cause these stock markets to grow in both regimes. In a recession phase, investors of these stocks may invest in US markets due to the contraction of business activities in their own economies. Interestingly, we report a negative association between the US Stock Market and the French, Finish, Swiss, and Swedish stock markets in both regimes. Another important finding is that the lagged stock returns (β 1(2) , stock) from the domestic markets are significant and well justified. In an economic boom, lagged stock returns show a positive relationship, whereas the lagged stock returns are diluted and become negative in a few instances during the crisis period. In short, the spillover effect from US monetary policy effects assets prices, however, its effect may vary from market to market.
Panel B (Appendix 7) presents the estimation results of developing countries using a multivariate Markov-switching model. The results show significant and higher mean returns in regime 1 for Czech, Hungarian, Polish, and Portuguese stock markets. We also identify that the volatility of stock returns in a bull market are lower when compared against bear markets with the exception of the Portuguese and Ukrainian stock markets. While examining the results of Federal Funds Rate (β 1(2) , FED) and its effect on the developing European stock markets, we find a statistically significant and negative association with the Czech Stock Market and a positive relationship with Polish Stock Market. While comparing the relationship between the developing European stock markets and the US Stock Market (β 1(2) , US) we identified a significant and direct impact on the Czech Stock Market in a period of a bull market which shows that the US Stock Market may not offer higher returns because of lower growth opportunities so investors are interested to explore their business ventures in the Czech Market. On the other hand, we report a negative relationship between the US and Hungarian Stock Market during the recession period which indicates that US investors prefer to invest in Hungary as investment opportunities sour in the US. In the case of lagged stock market returns (β 1(2) , stock) from the domestic market are also well justified due to lesser possible returns in their home country. For instance, only the lagged stock returns from the Bulgaria, Croatian, Czech, and Polish stock markets show a positive impact in a boom period. In short, we infer from the results, that the spillover effect from US monetary policy plays an important role in determining asset prices and their impact on the developed markets are higher than developing markets. Thus, the magnitude of US monetary policy diverges from market to market.
Appendix 8 plots the transition probabilities for both regimes. Comparing the univariate and multivariate analysis, we identify the more robust results in the multivariate analysis since the SBC value is lower relative to univariate analysis. Furthermore, the smoothed probability of multivariate analysis shows higher and consistent fluctuations in reference to stock market activity. We also found that the duration of regimes decreases as we incorporated the US Stock Market in our model. We observed stock market movements due to the change in US interest rate during specific periods illustrating that these cycles are converging towards the US monetary policy. For instance, the occurrence of the 9/11 event, which is classified as a terrorist attack, places downward pressure on the US stock market for quite some time until the effect disappeared.
While summarizing the results, we concluded that the multivariate examination indicates that there were two states in our analysis. In addition, we find mixed results in both the regimes. In the boom phase, higher mean returns led to lower volatility in most of the sample countries which indicates that as opportunities for increased returns increased, investors obtained lower returns. Considering the same regimes in our sample, the duration of the regime in each period is different.
Comparison of results: Asian and European stock markets
To identify the effect of US Monetary Policy on the Asian and European stock markets, we compare the result of this study with Yang and Hamori (2014) . Table 6 presents the results of the developed and developing countries pertaining to Asian and European regions using both univariate and multivariate Markov-switching models. The sample of Asian stock markets include Singapore, Indonesia, and Thailand, of which, Yang et al. (2014) classified Singapore as a developed economy while the other two countries are identified as developing economies.
Firstly, we discuss the findings of univariate Markov-switching models (Panel A). In both the studies, researchers consider each series independently by fitting a range of two-, three-, and four-regime MSIH and MSIAH models. Referring the result of Asian stock markets, all of the individual series indicate that two-state MSIH model is more economical. In contrast to this finding, the average sample of developed and developing European stock markets indicate that the two-state MSIAH models are more parsimonious with the exception of the Norwegian, Portuguese, Slovenian, and Ukraine stock markets. When we separated the return series into bull and bear regimes, Asian countries that were categorize in regime 1 (bear market) experienced more volatility. This evidence suggests that low-risk assets provide higher returns when compared to risky assets. In addition, the results of developed and developing European stock markets seem consistent as the bull market is categorized as regime 1. This illustrates that high-risk assets provide lower returns in the boom phase due to stiff competition prevailing with regard to high-risk assets during expansionary business activities while the possibilities of increasing their returns in the recessionary phase would be higher. Likewise, the duration of a bull market is higher than a bear market in all of the markets. Considering the above results, we infer that all of the developed and developing markets pertaining to Asian and European regions are more volatile as they are obtaining higher returns in the recessionary phase which is contrary to earlier studies. Secondly, researchers analyzed the results of the multivariate Markovswitching model using the US factors which are summarized in Table 6 (Panel B). The researchers found that all of the statistics predict that the two-state MSIAH model is the best fitting and appropriate for all stock markets under consideration (Pagan & Sossounov, 2003) . The estimation results of all Asian stock markets represent the bear market as regime 1. These stock markets obtain positive returns in the recessionary phase with the exception of the Singaporean Stock Market. It is interesting to note that these markets obtained lower mean returns with higher volatility in recessionary periods, again this finding contradicts typically behavior and it is the same as in the case univariate analysis. The results of selecting regimes in both univariate and multivariate Markovswitching models are the same with regard to Asian stock markets. Considering the developed and developing European stock markets, the evidence suggests that the bull market should be categorized as regime 1. These markets also earned higher returns with lower volatility in regime 1 but this evidence is not true in case of the French, Portuguese, and Ukraine stock markets. This implies that considering the US factor, these markets are offering higher returns in boom phase as there are some other opportunities that can be explored.
The researchers also incorporated the Federal Funds Rate (β 1(2) , FED) to examine its impact on the Asian and European stock markets. This variable negatively influences the selected Asian stock markets during the economic recession phase (regime 2). A relative decrease in the short-term interest rate in the US has a positive influence on the Asian stock returns in the ensuing month whereas this effect wears off during the economic recession period. In this study, we find a positive relationship during the expansionary phase for the developed and developing stock markets which illustrates that a relative decrease in the short-term US interest rate has a positive effect on these markets in the coming month. In a recession phase, this effect vanishes due to the closure of the channelization of funds by the Federal Reserve. This finding is interesting in the sense that increases in short-term US interest rates encourage investors to explore their business opportunities. This evidence illustrates that stock markets and short-term US interest rates move side by side as investors find it appropriate to invest in their respective stock market when the Federal Funds Rate increased during the economic expansion period.
We also examine the effect of the US Stock Market (β 1(2) , US) on the sample stock markets. The results of Asian stock markets predict a positive and significant effect of the US Stock Market in both regimes. In a boom phase, the relationship is strengthened. We also identify a direct relationship between European and US stock markets. This finding suggests that when the US Stock Market grows, developing markets will also generate positive returns as these markets are volatile, thus, offering higher returns. Considering the lagged stock returns (β 1(2) , stock), the results predict that domestic markets are not well justified due to the fact that these lagged returns from Indonesia in regime 1 and both from Singapore and Thailand in regime 2 are positive and significant. In this study, we consider the diverse nature of stock markets that have different characteristics and find that the lagged stock returns of the Finnish, Swiss, Swedish, UK, Slovenia, and Ukraine markets are negative in a boom phase and the crisis period. In nutshell, researchers conclude from both of the studies that the spillover effect from the US monetary policy acts as a catalyst in determining the asset prices in both the Asian and European markets, however, the effect of magnitude varies from market to market.
Conclusion
The purpose of this study is to examine the relationship between US Monetary Policy and selected developed and developing European stock markets during the period lasting from 1994 to 2017. In this study, we examined the regime switching process associated with the Federal Funds Rate, S&P 500, and ten developed and nine developing European stock markets by employing univariate Markov-switching models and find evidence of two different regimes: (a) a period of economic expansion and (b) a period of economic recession. To determine the estimation results of multivariate Markov-switching models, we apply US factors to examine the influence of US Federal Monetary Policy on the European stock markets. This study determines that there are mixed results regarding the influence of the Federal Funds Rate on these countries. We find a negative relationship between the Federal Funds Rate and the selected developed countries (i.e. Danish, French, Swiss, Swedish, and UK stock markets) during the economic expansion phase. In addition, we explored the negative and positive co-movement between the US Stock Market and developed and developing markets, respectively. Nonetheless, the role of the lagged stock market returns is marginal when attempting to predict the future movement of stock markets in European countries. The important contribution of this study is to compare the effect of US Monetary Policy on the Asian and European stock markets and conclude that the effect of US Monetary Policy varies from market to market, however, it has a greater effect on developed markets.
With regard to the implications of this study, the estimation results identify the transmission mechanics of asset prices particularly from the US to developed and developing European economies. As the transmission mechanics vary in case of bull and bear regimes. The European stock markets are affected due to changes in the Federal Funds Rate and, more precisely, in an economic expansion period when compared against a recessionary period. In addition, the spillover effect varies between the bull and bear regimes for all the scenarios. Moreover, the spillover effect has a greater influence in the bull market when compared against the bear market. The reason behind this finding is that developed markets are more integrated with the US market so any change in monetary policy, as well as the US Stock Market, may have more effect on these markets; however, this effect may decrease in the case of developing markets especially during the phase of economic recession. 
Notes:
Federal Funds Rate, S&P 500 and MSCI stock index for each country. p 11(22) denotes to the transition probability in regime 1(2), and the expected duration in regime 1(2) is estimated as 1/(1 -p 11(22) ). *, ** and *** show significance at the 0.10, 0.05 and 0.01 levels, respectively. Notes: Federal Fund Rate, S&P 500 and MSCI stock index for each country. p 11(22) denotes to the transition probability in regime 1(2), and the expected duration in regime 1(2) is measured as 1/(1 -p 11(22) Notes: Federal Fund Rate, S&P 500 and MSCI stock index for each country. p 11(22) denotes to the transition probability in regime 1(2), and the expected duration in regime 1(2) is measured as 1/(1 -p 11(22) ). * , ** and *** show significance at the 0.10, 0.05 and 0.01 levels respectively.
